We previously demonstrated the safety and effectiveness of a nonadmission-based model for TIA care (Monash TIA Triaging Treatment [M3T]). In this microcosting study, we used a pre-post cohort design with multivariable uncertainty analyses to compare actual resource utilization costs between M3T (years 2004-2007) and the previous admission-based model (2003). Average total episode costs per patient were significantly less for M3T (Australian dollars [AUD] 1,927.00, 95% confidence interval [CI] AUD 1,829.00-1,037.00) compared with the admission-based model (AUD 4,841.00, 95% CI AUD 4,178.00-5,590.00). Nonadmission care in M3T was substantially costsaving with a median 3 (95% uncertainty interval 0.7-6.0) additional strokes averted per 100 patients treated, based on an observed 90-day stroke rate of 1.50% (95% CI 0.73%-3.05%) and 4.67% (95% CI 2.28%-9.32%) in the admission-based model.
T IA requires urgent treatment. 1 A recent nationwide analysis of TIA care in the United States indicated 70% of patients were admitted for 2-6 days with average hospitalization charges of $17,000 USD per patient. 2 However, rapid outpatientbased TIA management is safe and associated with low 90-day stroke rates (1%-3%). 1, [3] [4] [5] We have shown that a structured model of outpatient care, the Monash TIA Triaging Treatment (M3T) pathway, is safe and effective compared with a previous admission-based model. 3 It is important to know whether such nonadmission models provide a cost advantage.
Simulated costing models of hospitalization for TIA provide inconclusive results on this issue. 6, 7 Few clinical studies provide cost estimates of individual aspects of TIA care. [8] [9] [10] [11] In the EXPRESS study, although an urgent walk-in TIA clinic was associated with fewer hospital bed costs compared with a nonurgent outpatient clinic, actual clinic costs were not compared. 8 A Spanish study performed using composite hospital data found increased costs for hospitalization compared with a TIA clinic, but investigation costs were not measured. 10 There are no cost-effectiveness studies of outpatient TIA care using more precise bottom-up microcosting based on comprehensive patient-level resource use. 12 We conducted a microcosting economic evaluation of M3T compared with the previous model of routine hospital admission, hypothesizing that M3T would be cost-effective.
METHODS

M3T
M3T was implemented at Monash Medical Centre, a tertiary hospital catering to 23% of Melbourne's population (931,500 residents) in Australia. The protocol and safety of the M3T pathway have been reported. 3 In M3T, all patients presenting to the emergency department (ED) with suspected TIA receive urgent CT brain imaging, ECG, and essential blood tests. Those with crescendo/recurrent TIA, persistent symptoms, other acute illness, or who live alone with no social support are admitted. Otherwise, if CT excludes hemorrhage, antiplatelet/anticoagulant therapy is commenced in the ED and patients are discharged. Carotid ultrasound is performed on an outpatient basis within 24 hours. Patients are then triaged and prioritized to attend a TIA clinic based on the underlying vascular mechanism. In the previous model of care, most patients were routinely admitted.
Sample, definitions, and resource use data
The study design is a sequential nonrandomized cohort comparison. The primary sample consisted of all patients presenting to the ED between May 2004 and December 2007 with symptoms suggestive of TIA irrespective of age, blood pressure, clinical features, duration of TIA, and presence of diabetes (ABCD2) score or final diagnosis, and managed in M3T. 3 The comparison sample consisted of all patients presenting to the ED between January 2003 and January 2004 prior to M3T, who were assigned an ICD-10-Australian Modification (AM) TIA code (G45.8, G45.9). 13 TIA diagnoses were confirmed by a stroke neurologist, defined as acute loss of focal cerebral or monocular function with symptoms lasting #24 hours due to inadequate cerebral or ocular blood supply as a result of arterial thrombosis or embolism. 14 Stroke was defined as per the WHO 15 and 90-day stroke outcome determined by a combination of clinic assessment, telephone questionnaire, and medical record reviews. Details of all treatments and investigations (pathology, radiology, cardiac, EEG) from presentation, admission (if applicable), and clinic review were obtained from medical records and hospital databases. All TIA clinic attendances were established from the clinic booking database.
Cost data and outcomes
We used the common reference year of 2012 for the costs associated with each resource use item. All costs are presented in Australian dollars (AUD) and evaluated from the perspective of a health service provider.
Bed costs Unit costs were obtained from the hospital finance department. These ranged from AUD 400 to 1,100 depending on duration of stay, and are inclusive for staffing, administration, and overheads.
Investigation costs Each investigation was assigned the corresponding standard unit price from the 2012 Medicare Benefit Schedule 16 of the Australian government.
Clinic costs M3T clinics were conducted by stroke neurologists with 45 minutes allocated for a new consultation and 20 minutes for reviews. The unit cost of a clinic session (3.5 hours) includes room rent and salaries for neurologists, receptionists, and typists. In 2003, 2 clinics were conducted/week, and when M3T commenced, a third clinic was added along with an additional administrative session (doctor salary only) to facilitate rapid review of investigations, a cornerstone of M3T. Clinic costs were estimated as a proportion of the total session costs based on duration of appointment (e.g., 45-minute consultation 5 total session cost/3.5 hours 3 45 minutes). Using this method, we established unit clinic costs of AUD 175.78 for an initial consultation and AUD 78.12 for review.
Economic outcomes The primary outcome was the net difference in total average episode costs per patient between the admission-based model and M3T. An episode was defined as the initial ED presentation or hospitalization plus clinic attendance. Any clinic visit beyond 90 days up to 2 review consultations was also included in the episode cost estimation to fully capture the added financial implications of a clinic-based service. The costs of an episode were summed for each individual patient based on actual resource use. A negative dollar value was used to present cost savings for M3T compared with the admission-based model. A secondary outcome was to determine the cost-effectiveness of M3T compared with the admission-based model in terms of the net difference in costs per additional stroke averted. Our willingness-to-pay threshold of cost-effectiveness was a difference of AUD #50,000 per stroke averted. 17 Since costs and outcome beyond 3 months were not considered, discounting was unnecessary.
Statistical methods
Differences in total average per episode patient costs were calculated and 95% confidence intervals (CIs) around the average costs were produced using bias-corrected nonparametric bootstrapping over 10,000 iterations. The study was powered at 90% (a 0.05) to detect a minimum difference in per episode costs of AUD 825 between the 2 models. These analyses were performed using Stata (version 11.0, Stata Corporation, TX).
For cost-effectiveness analyses, univariable and multivariable uncertainty analyses were undertaken by varying the bed and clinic cost inputs over a normal distribution with a SD of 10% (e-Methods at Neurology.org/cp). The proportion of stroke-free patients per 100 patients treated was simulated using a triangular distribution of the CI of the observed proportions for the minimum and maximum values. All uncertainty analyses were performed using Monte Carlo simulation over 10,000 iterations and results described as means and 95% uncertainty intervals (UIs). The cost difference per episode was plotted against number of strokes averted on a cost-effectiveness scatterplot. When the majority of plotted points fall in the southeast quadrant, the model is more effective and less expensive, and considered dominant (costsaving). When they fall in the northeast quadrant, the model is more effective but also more expensive, and may be considered cost-effective depending on the chosen willingness-to-pay threshold. Uncertainty simulations were conducted using @Risk software (version 5.0, Palisade Corporation, Ithaca, NY).
Alternate scenario analyses
We evaluated 3 alternate scenarios by varying either level of resource use or length of stay based on mandatory admission. First, we simulated an increase in radiologic and cardiac tests in M3T based on data from other rapid evaluation TIA systems. 4, 18 We also simulated 2 scenarios to show the effect of mandatory admission for our hospital, as in previous modeling analyses. 6, 7 This was achieved by assigning unit bed costs to all nonadmitted M3T Neurology.org/cp patients for a simulated 48-or 24-hour admission. All comparisons were based on 160 annual presentations with suspected TIA to our hospital, and simulated proportions were drawn from a triangular distribution. All uncertainty and scenario analyses were conducted using @Risk software.
Standard protocol approvals, registrations, and patient consents
The Southern Health (Hospital) and Monash University Human Research Ethics Committees approved this study. The average per patient episode cost was AUD 1,927.00 (95% CI AUD 1,828.00-2,037.00) in M3T compared with AUD 4,841.00 (95% CI AUD 4,178.00-5,590.00) in the previous model (p , 0.001). Categorized costs are presented in table 3. Bed costs were the greatest contributor of total costs in both models. Average annual clinic costs doubled All costs are presented in Australian dollars (AUD) and rounded to nearest dollar value. a Clinic costs reflect the actual clinic attendance of an individual and include initial and review consultations. from AUD 14,258.00 in 2003 to AUD 28,134.00 per annum from 2004 onwards in M3T (p , 0.001). This increase was offset by the significant reduction in average annual bed costs, which was AUD 240,142.00 in M3T, an average annual saving of AUD 578,069.00 compared with the previous model. Uncertainty analyses indicated that the difference in per patient episode costs may range between AUD -3,507.00 and AUD -2,300.00 (table e-1). The cost-effectiveness scatterplot for episode costs are presented in the figure. The majority (99.7%) of plotted points fell within the cost-saving quadrant in favor of M3T. M3T resulted in a median additional 3 (95% UI 0.7-6.0) strokes averted per 100 patients treated compared with the previous model of care. Alternate scenario analyses are presented in table 4. Increasing investigation resource use in M3T or mandatory brief admission increased its costs although cost-savings remained overall. Mandatory 48-hour or 24-hour admission would have increased total annual costs for M3T by approximately AUD 180,000 and AUD 55,000, respectively.
RESULTS
DISCUSSION
We present a comprehensive microcosting study evaluating the cost-effectiveness of a nonadmission-based TIA model of care. Such a model is substantially cost-saving compared with routine hospital admission while being safe in terms of number of strokes averted. Although previous reports suggested that nonadmission-based care may be less expensive, 9, 10 our results confirm this based on comprehensive patient-level data. In phase 2 of the EXPRESS study, 1 patients with suspected TIA deemed by their primary care physician to not require hospitalization were directly referred to a walk-in TIA clinic, leading to reduced hospital costs. 8 However, clinic costs were not evaluated in EXPRESS. In another study, 11 an ED-based rapid diagnostic protocol for TIA was associated with a saving of USD 657 per patient compared with inpatient care despite an extra 2 days of hospital admission in the latter. This may be an underestimate, given that the large difference in mean hospitalization charges for TIA in the United States between hospital admission for 24 hours (;USD 10,000) and for 2 days (;USD 17,000). Moreover, unlike M3T, costs of patient follow-up could not be estimated in that study. Importantly, in M3T, a net cost shift from inpatient to outpatient settings did not occur, and a true reduction in per-patient episode costs was achieved. We estimate that only 23 patients needed to be treated in M3T per annum to offset the extra weekly clinic costs, suggesting its feasibility even in hospitals with small caseloads.
It has been argued that hospitalization for TIA expedites investigations. 19, 20 In M3T, there was no difference in time to investigations or treatment between admitted and nonadmitted patients. 3 Admission may be appropriate in smaller hospitals without neurologists or structured pathways. However, it is possible that structured nonadmission-based pathways could be modified to suit even nontertiary settings. Improved access to thrombolysis has also been advocated as a reason for hospitalization. 6 In a simulation study, the 48-hour stroke rate needed to be at least 20% (an unlikely scenario in the current era of secondary prevention) before cost-effectiveness could be achieved by immediate provision of tissue plasminogen activator. 7 In M3T, the proportion of patients with stroke within 2 days of TIA was only 0.85%, and admission for this period would have inflated annual hospital costs by AUD 180,000 without any additional clinical benefit.
In the United States, TIA care in ED observation units contributes substantially to growing health care costs. 2 However, in a previous study, even with an accelerated ED observation unit, a median of 25.6 hours was required for investigations and treatment, and without any further provision for specialist follow-up. 11 Compared with M3T, a 24-hour admission model may be marginally cheaper (by AUD 150 per patient), but only if no further specialist follow-up was required. Moreover, for this to be an effective model, all investigations (including complex diagnostic angiography), treatment, and specialist review would need A major strength of our study is the bottom-up microcosting approach, in contrast to decision tree cost-modeling 6, 7 or admission-averted costing only. 8 Microcosting allows greater exploration of results compared with top-down approaches, which often use average per diem costs according to patient diagnosis-related groups (DRG). The most frequently applied ICD-10-AM code for TIA (G45.9) is also assigned to patients experiencing vasospasm following a subarachnoid hemorrhage and the most representative DRG (B69 TIA and other precerebral occlusion) additionally includes other related diagnoses. This approach may underestimate outpatient costs and overestimate inpatient costs for TIA care. A limitation of our analysis is the use of a sequential study design rather than a parallel prospective cohort or randomized controlled trial design. An additional limitation is the imbalance in numbers and the differences between the 2 cohorts with regards to risk factors. Nevertheless, we have shown in our previously published evaluation of M3T that correcting for these imbalances still led to lower adjusted odds of stroke in M3T than in the prior model (odds ratio 0.46, 95% CI 0.12-1.68, p 5 0.24). 3 Although our comparison was over different time periods, we used standardized unit prices from 2012 to limit cohort effects and enhance generalizability. Our sensitivity analyses contribute to the wider applicability of our results, but with important caveats. Bed costs, clinical expertise, and funding were specific to our hospital, and may differ for other hospitals and countries. Actual cost estimates may also vary depending on whether more expensive tests such as MRI/magnetic resonance angiography or CT angiography are preferred, or if the proportion of TIA mimics needing attention increases. Our analysis may not be extrapolated to settings where TIA patients do not routinely present to the ED, such as in the EXPRESS study, in which primary care physicians select patients to refer directly to a clinic. 1 Is nonadmission-based care for TIA patients cost-effective? ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.
